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P. O'B. MONTGOMERY, Jr., M.D. 
ROLLAND C. REYNOLDS, M. D. 


Professor of Pathology 
Assistant Professor of Pathology 
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Institution & Address: 
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The University of Texas Southwestern Medical School 
5323 Harry Hihes Boulevard 
Dallas 35 > Texas 




4. Pro.ject or Subject: " INVESTIGATION OF NUCLEOLAR CHANGES PRODUCED BY CHEMICAL 


CARCINOGENS 


5 j*w ■ ■ 

:>A5* Detailed Plan of Procedure: 


j-iVy > if * t ,.... 

A A Yl' ; For the past year we have been studying the in-vivo effects of the 

carcinogenic agent 4-Nitroquinoline N-Oxide on Chang liver cells in tissue cul- 
ture. Our studies have demonstrated hitherto undescribed morphologic changes 
in these cells when they are treated with a 10"^ Molar concentration of the 4- 

f. ; ’ Hitroquinoline N-Oxide, (l) The most striking of these changes involves the nu- 

• ;£{■■£'’v deolus. Listed in a sequential fashion these changes are as follows: l) A pro- 

•gressive decrease in the size of the nucleoli. 2)0ccasional fusion of nucleoli 
' (we believe this phenomenon is related to the same factors which produce the 

progressive decrease in nucleolar size). 3 ) Finally, the most striking morphol- 
ogic•alteration in the nucleoli consists of a separation of the pars amorpha and 
the nucleolemma. These changes have been demonstrated by means of electron mi¬ 
croscopy and phase time-lapse motion picture studies. The separation of the 
nucleolemma and pars amorpha results in a characteristic margination of the nu- 
1 cleolemma to produce "caplike" structures at the edges of the nucleoli. As the 
separation continues the hucleolemmal material migrates to one side of the nu- 
x deolus leaving a small "bubble-like? cap of dear pars amorpha at the opposite 

side of the nucleolus. A small amount of nucleolemmal material is seen covering 

the protruding pars amorpha. These changes are morphologically quite distinct 
and may be found in the majority of cells which survive 4-6 hours after treat- 
ment with the carcinogen. Other morphologic changes which we have noted in 
■ i ' treated Chang .liver cells are a slight enlargement of the nuclei, condensation 
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cytoplasmic granules around the Golgi apparatus, and the subsequent de- 
4 s . «■« velopment of a cleair glassy-like cytoplasm in the surrounding area. .The mlt- 
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ochondria appear to remain intact as long as the cells remain alive. The nu- ■■■%£($•$ 


■cleolar changes just described take on increasing significance when one con- 
j*i«lsrs other known facts concerning the effects of 4-Nitroquinoline N-Oxide 
'$M$en living cells. These effects have been studied chiefly by Japanese workers 
;vho have described the following characteristics of 4-Nitroqhinoline N-Oxide:( 2 ) 
|l) Marked carcinogenic activity. Skin painting of the chemical produces pap- 



SQ.* 101110118 cel1 'carcinomas in the mouse. Subcutaneous injection re- '^'Mf*! 
111 sarcomas and an increased incidence of pulmonary tumors in the same 
^i^ll'r^lanioal. 2), The chemical displays a.marked.avidity for nucleophilic compounds M8M 
. particularly compounds having S-H groups. With S-H containing compounds the *$$$$£ 

undergoes a substitution reaction which proceeds at physiologic pH ranges 
nece88it y °* enzymatic catalysis. 3) 4-Nitroquinoline N-Oxide is a 
’ * ‘ 1 'potent Inhibitor of glycolysis and produces a decreased concentration of ATP 

in cells. 4) Uptake of P^into nucleic acids and of labeled amino acids ■ 

"Ttfik*r " :-:-r'.into protein is inhibited. 5 ) Intranuclear inclusions have been demonstrated ’ 

.when. Chang liver cells in tissue culture are treated with 10"5 Molar concen- • 
v\v .‘^rations of the drug and subsequently stained with hematoxylin and Eosin. 
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The initial goal of our present studies is the correlation 
of nucleolar changes produced by 4-Nitroquinoline N-Oxide with changes pro- 
t duced by other carcinogenic chemicals. We propose to investigate other major 
types of carcinogens for the ability to produce the unique "nucleolar caps” . 
v previously described. For this phase of the investigation we will utilize 

one and possibly two of each of the fpllowing types of carcinogenic chemicals. 
„ l) Polycyclic hydrocarbons. 2) Aromatic amines. 3) Amino-azo dyes, and 4) 
Alkylating agents. The second phdse'of the experiment, which will continue 
'j next year will be an attempt to determine whether any of the previously de¬ 
scribed biochemical effects of 4-Nitroquinoline N-Oxide are responsible for 
' the "Nucleolar caps”. This will involve treating the cells with carcinogenic 

React with S-H groups,* 
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B,;. -B': ^ noncarcinogenic agents having proven ability to l) 

2) Decrease intracellular ATP, 3) Inhibit uptake of p3 : 

acids and protein respectively. This latter study will not be described in 
detail at the present time. . 

D ETAmSD PLAN OF' PROCEDURE: ;••••• . ■ I'-..- 

For purpose of simplification the type of experiment to be' 

: performed will be described with one chemical, the alkylating agent mechlor- 
‘. ethamine - HCL (nitrogen mustard). Similar experiments will be carried with 

■/‘.i-y'/'^i-V-yythe other carcinogenic agents. A 10 - 5 Molar concentration of mechlorethamine 
: ' . uxt-in Hank’s balanced salt solution will be placed on Chang liver cells for ,a 
; period of ten minutes and then replaced by normal culture media (This is the 

;;;* •••. -• procedure giving the best results with 4-Nitroquinoline N-Oxide). The cells 
• will be growing in Rose chambers or on cover slips In ointment jars. The 
sequential changes in the cell, with special reference to the nucleoli, will 
then be photographed continuously by phase time-lapse motion picture micros¬ 
copy. At stated intervals cover slip preparations will be fixed for routine 
histologic stains (i.e., H & E), histochemistry (i.e., acridine orange, azure 
B., and a battery of enzyme histo-chemical reactions including ATPase, acid and 
alkaline phosphatases, glucose 6-dehydrogenase) and electron microscopy. Sim- 
^^ liar experiments will be conducted with the following agents: l) Polycyclic 

: v • hydrocarbons - DMBA(9> 10 dime thyl 1, 2 benzanthracene) and methyl cholanthrene; 
• 2) Aromatic am in e - .2 napthylamine; and 3) Amino-azo dye - 4-dimethylamino- 
: J;-f; azobenzene. :i .; ■■ 
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■ DISCUSSION : - ■ •. iW - 7 

^. The demonstration of a consistent morphologic change in the cell nu- 

carcinogenic chemical is of great theoretical importance, 
concerning the site of action of at least one chemical 
J^p!./carcinogen. Hitherto no morphologic clue of a compound's potential carcinogenic 
Inactivity has teen available to investigators. Should the "nucleolar caps” be 
^characteristic of one or more groups of chemical carcinogens ve would then have 
I'l'ia tool which could provide a single, rapid, test of carcinogenic activity. Corr- 
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Relation of such a morphologic, change with specific biochemical activity is of 
^ Mj^ffphvious importance. These studies with 4-Nitroquinoline N-Oxide and other car- 
•'fife^^cinogens may provide such a correlation between morphologic and biochemical data. 
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a. Salaries 

b. Expendable Supplies 

c. Permanent Equipment 

d. Overhead (15 $ of a,b,e) 

e. Other 


Prog. Exp. Tumor Res. Vol. 


$4,384.00 
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1 


8,000.00 


2 ^ 000.00 


2,008.00 




1,000.00 



TOTAL 


$17,392.00 
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Laboratory Assistant - ($4200 per annum) • $4,200.00 

QASI & WCI 184.00 

Expendable Supplies 

Tissue Culture Supplies, Glassware . 8,000.00 

Electron Microscope Supplies, Film 
Glass & Diamond Knives, Chemicals 

Vi T f • ;i $ ’ '■ • . • 

Permanent Equipment 2,000.00 

Optical Equipment, Electronic Timers, Time Lapse 
Phase Microscope Equipment, Tissue Culture Chambers 
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Other 1,000.00 

Travel for visitation to other laboratories, attendance 
at scientific meetings 
Travel to cover actual travel expenses 


-,.1; 


. Direct Costs ~' 

Overhead (15$ of direct costs (exclusive of permanent 

.equipment) 


$15,304.00 

2,008.00 

$17,392.00 




• • ' * ' rv,-; . __ .. .. . 

Investigator reserves the right to transfer funds from one category to another 
* as the need arises. 
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7. Anticipated Duration of Work: :>: - THRKF. TEARS t: 
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^ecnnicxsns* r oexiior eiectroflice engineer h— ttseiewuiv . 

electronic engineers. One pathology resident and 8 part-time medical , ;:?£» 
students. „ ._,■■>■ •••'•• _ - ; 

■ ' •. • - :i . ; ;■’• • • •' . ■ " •• •■ l'. 11 ' ■• • ’C*' : 

Facilities: Three phase contrast time lapse motion picture units. A Baker .‘^11-^ 
interference microscope. RCA electron microscope and dark room _ 
facilities. Two Porter-Blum ultra microtomes. Reichert fluorescent '*.$$ 
microscope. ; The flying spot ultraviolet and interference microscopes t fM 
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will be available if their use is indicated. 




Additional Requirements: 


10. . Additional Information ( Including relation of work to other projects and 

. other sources of supply): *" “ 
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The presently constituted laboratory is jointly supported by the Damon 
Runyon Memorial Fund for Cancer Research, the Atomic Energy Commission-Division 
of Biology and Medicine, the Southwestern Medical Foundation, and the National 
Aeronautics and Space Administration. 

" --r* The principle efforts of the section laboratory under supervision of 
Dr. Reynolds are directed towards the elucidation of the role of the nucleolus 
in experimental carcinogenesis and viral replication. 
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Signature _ R. C. REYNOLDS, Mi D. _ 

. .■>, . Director of Project 

_ P. O'B. MONTGOMERY, M.D. 

E. A. SELL 

Business Officer of the Institution 
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